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(57) ABSTRACT

A semiconductor device and a fabrication method of the
semiconductor device, the semiconductor device including: a
gate electrode, a source electrode, and a drain electrode which
are placed on a first surface of a substrate, and have a plurality
of fingers; a gate terminal electrode, a source terminal elec-
trode, and the drain terminal electrode which governed and
tformed a plurality of fingers for every the gate electrode, the
source electrode, and the drain electrode; an active area
placed on an underneath part of the gate electrode, the source
electrode, and the drain electrode, on the substrate between
the gate electrode and source electrode, and on the substrate
between the gate electrode and the drain electrode; a sealing
layer which 1s placed on the active area, the gate electrode, the
source e¢lectrode, and the drain electrode through a cavity
part, and performs a hermetic seal of the active area, the gate
electrode, the source electrode, and the drain electrode.
Accordingly, the semiconductor element itself can have air-
tightness, 1t 1s not necessary to cover the gate electrode sur-
face with a damp-proof protective film, gate capacitance of
the semiconductor element 1s reduced, and high frequency
characteristics and gain of the semiconductor element
Improve.

Spivak,

4 Claims, 10 Drawing Sheets




US 8,476,118 B2

Page 2
U.S. PATENT DOCUMENTS JP 5-335343 12/1993
2004/0048463 Al 3/2004 Haematsu ‘--5 1}_13232% 1;%333
2008/0145976 Al* 6/2008 O’Mahony etal. ........... 438/126 P 2001-28425 1/2001
2008/0268631 Al1* 10/2008 Johnsonetal. ............... 438/592 L—-P 2002-368014 12/2002
2009/0001553 A1* 1/2009 Pahletal. ......cccc....... 257704 P 2004-6816 1/2004
2010/0038776 Al 2/2010 Bessemoulin TP 2004-95637 3/2004
JP 2006-43847 2/2006
FOREIGN PATENT DOCUMENTS P 2006156907 617006
EP 1 198 006 A2 4/2002 JP 2007-36829 2/2007
EP 1363 331 A2 11/2003 W WO 2006/077565 * 772006
FR 2 879 889 Al 6/2006 WO WO 2007/054070 * 0 5/2007
JP 1-283852 11/1989
JP 2-288409 11/1990 * cited by examiner




U.S. Patent Jul. 2, 2013 Sheet 1 of 10 US 8,476,118 B2

FIG. 1

10

S1 G1 82 G2 S4 G4

22




U.S. Patent Jul. 2, 2013 Sheet 2 of 10 US 8,476,118 B2

FIG. 2A
O
16
T
il Ol 1
FIG. 2B
14
2
7777777727777
20
FIG. 2C 16
V2
77777/ 7 X7/ 77777

15



US 8,476,118 B2

Sheet 3 of 10

Jul. 2, 2013

U.S. Patent

FIG. 3

10

W2
W3
W4



U.S. Patent Jul. 2, 2013 Sheet 4 of 10 US 8,476,118 B2

FIG. 4A
1l

Iy
AI | o

| | S T

II' L
- . _____ !
o (O [

4 Tl TsT Lo
FIG. 4B y
1 4 VITITIIIIITIIIIIIIIIIIIIIIIIIIS 1 4
I 12
7777277727777
FIG. 4C
LG LS LG
1 4 ?"{llllllll Y 7 77 7 7
s -ﬂ :

'IIIIIIIIII

FIG. 4D




US 8,476,118 B2

Sheet S of 10

Jul. 2, 2013

U.S. Patent

FIG. 5

10

C4
U 64 g5

L

SC3

SC2

SC1

S2 (2 S3 (3

S1 G

FIG. 6

30

36

I

Y/
/é
7
hwl”

NI

LSS/ S,

28
7
n
'

10

24

22



U.S. Patent Jul. 2, 2013 Sheet 6 of 10 US 8,476,118 B2

FIG. 7

36 30 28

m
VS S/,

?
TG
v

FIG. 8

36 28 30 32

F77777777, f////////////////,

AN ﬁ
, ﬂ/]/// 1

22



US 8,476,118 B2

Sheet 7 of 10

Jul. 2, 2013

U.S. Patent

FIG. 9

30 28 32

36

il

7
Z

/4,
ﬂ’/}
=

ANl”

26

/<

24

e
N,

€
4@;"4 SN
22

(/L VS

10

FIG. 10

10




U.S. Patent Jul. 2, 2013 Sheet 8 of 10 US 8,476,118 B2

FIG. 11

36 30

///// ///////////////////
/
/

v N o

////////////J

IV

FIG. 12

36 30

[V

\ RN S ST S S S S S S S S
——
0

AN 7777

IS ///////'//1’/

10 44




US 8,476,118 B2

Sheet 9 of 10

Jul. 2, 2013

U.S. Patent

FIG. 13

FIG. 14

V
50

—

WD
e ——

7777777,

AV AV IS EEE

/
7
17

30

36

JI777A7I7T7/ 7777777777
HIRNNN

\Y

10 48

/

74

44

22




US 8,476,118 B2

Sheet 10 of 10

Jul. 2, 2013

U.S. Patent

(L Ll L

\eizzzzzez e
e %% e 4617911
0l 9¢ 17 ¢l

L

R N e

0l V4 e o6
0

0t
8¢

SIS SIS IS IS SIS

A L.. /
\\ A NENY EM.. .uff/..l '/u.. "fflﬂj & "..ff..
" 877 .\\\Mww\\hﬁé@ y %///%.V///////ﬁ
0t 9t
=[IRIE %y €S1 9l

Ol 92 144 ¢C

- \-w

O 9C 144 CC
L Ll Ll

/RN

AN NN NZAAWN

(0l VL2777 7774 V77,
0t

0t 07

0t
ve ast ‘ol



US 8,476,118 B2

1

SEMICONDUCTOR DEVICE AND
FABRICATION MEHTOD OF THE
SEMICONDUCTOR DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a division of and claims the benefit of
priority under 35 U.S.C. §120 from U.S. Ser. No. 12/270,367
filed Nov. 13, 2008, and claims the benefit of priority under 35
U.S.C. §119 from Japanese Patent Application No. P2008-
013721 filed Jan. 24, 2008, the entire contents of each of

which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor device
and a fabrication method of the semiconductor device. In
particular, the present mnvention 1s relates to a semiconductor
device used for millimeter wave power amplifiers, such as
GaN based FETSs (field effect transistors) and GaAsFETs, and
having air-tightness, and a fabrication method of the semi-
conductor device.

2. Description of the Related Art

A semiconductor device used with a high frequency band,
for example, a microwave power amplitying device, 1s com-
posed of circuit elements such as: active elements, such as a
field effect transistor; passive elements, such as a resistor and
a capacitor; and micro strip-lines for transmitting high fre-
quency signals.

The above circuit elements are formed, for example, on a
semi-insulating substrate. An electrode for grounding 1s
formed 1n a backside of the semi-insulating substrate. And,
when grounding the circuit element provided on the semi-
insulating substrate, the electrode for grounding formed on
the backside of the semi-insulating substrate 1s electrically
connected with the circuit element through a VIA hole (via
hole) which passes through the semi-insulating substrate, for
example (for example, refer to Patent Document 1 and Patent
Documents 2).

On the other hand, as a method of packaging holding
air-tightness applicable 1n contrast with such the semiconduc-
tor device, “MICROSTRUCTURE, SEALING METHOD
OF THE MICROSTRUCTURE, MICRO ELECTRIC
MACHINE ELEMENT AND FABRICATION METHOD
OF THE MICRO ELECTRIC MACHINE ELEMENT, AND
ELECTRONIC APPARATUS” are disclosed (for example,
refer to Patent Document 3). In the Patent Document 3, the
aim 1s to providing a microstructure and a micro electric
machine element which enabled to form an airtight structure
casily by using a semiconductor process. An enclosure wall 1s
formed on a substrate so that a body of the micro electric
machine element may be surrounded, a top film 1s bonded to
the upper surface of the enclosure wall, and the body of the
micro electric machine element 1s sealed.

Moreover, as a method of packaging holding air-tightness,

in an example of a thin film piezoelectric resonator, a filter,
and a thin film piezoelectric resonator, “THIN FILM PIEZO-

ELECTRIC RESONATOR, FILTER, AND FABRICATION
METHOD OF THE THIN FILM PIEZOELECTRIC RESO-
NATOR” 1s disclosed (for example, refer to Patent Document
4). In the Patent Document 4, the aim 1s to providing a thin
film piezoelectric resonator which includes a sealing struc-
ture which can prevent a collapse of a cavity and can adjust
resonance frequency with high precision. The thin film piezo-
clectric resonator 1includes: a substrate having a cavity on the
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surface; a lower electrode extended on the cavity from on a
substrate; a piezoelectric film provided on the lower elec-
trode; an upper part electrode which opposes with the lower
clectrode and 1s placed on the piezoelectric film, and also 1s
extended on the substrate from on the piezoelectric film; and
a sealing member which includes a resonance part nside
specified 1n a region 1 which the lower electrode and the
upper part electrode oppose, 1s provided on the substrate so
that an opening which extends from the cavity may be located
outside, and closes the resonance part.

FIG. 1 shows a configuration diagram of an overall sche-
matic plane pattern of a semiconductor device according to a
conventional example.

As shown 1n FIG. 1, the overall schematic plane pattern
configuration of the semiconductor device according to the
conventional example includes: a substrate 10; a gate elec-
trode 24, a source electrode 26, and a drain electrode 22 which
are placed on a first surface of the substrate 10 and have a
plurality of fingers, respectively; gate terminal electrodes G1,
G2, ..., G4, source terminal electrodes S1, S2, ..., S5 and
drain terminal electrode D which are placed on the first sur-
tace of the substrate 10, governed and formed a plurality of
fingers, respectively, every the gate electrode 24, the source
electrode 26, and the drain electrode 22.

In a configuration example of FIG. 1, as for the s1ze of each
part, for example, cell width W1 1s about 120 micrometers,
W2 1s about 80 micrometers, cell length W3 1s about 100
micrometers, W4 1s about 120 micrometers, and gate width 1s
about 2.4 mm (=100 micrometerx6x4 cells) as a whole.

In the example of FIG. 1, 1n the source terminal electrodes
S1,S2,...,S5, VIA holes are formed from a back side of the
substrate 10, and a ground conductor i1s formed on the back-
side of the substrate 10. And, when grounding the circuit
clement, the circuit element provided on the substrate 10 and
the ground conductor formed on the backside of the substrate

10 are electrically connected through the VIA holes SCI,
SC2, . .., SC5 which pass through the substrate 10.

In addition, the gate terminal electrodes G1,G2, ..., G4 are
connected to a surrounding semiconductor chip by a bonding
wire etc., and the drain terminal electrode D 1s also connected
to a surrounding semiconductor chip by a bonding wire etc.

FIG. 2A shows a package configuration of the semicon-
ductor device according to the conventional example and 1s a
schematic plane pattern configuration diagram, FIG. 2B
shows a schematic section structure chart taken in the line I-1
of FIG. 2A, and FIG. 2C shows a schematic section structure
chart taken in the line II-1I of FIG. 2A, respectively.

As shown, for example 1 FIG. 2, the package configura-
tion of the semiconductor device according to the conven-
tional example includes: a substrate; a field eflect transistor
18 placed on the substrate; input/output matching circuits 17
placed at input/output sections of the field effect transistor 18,
respectively; 1mput/output strip-lines 15 connected to the
input/output matching circuits 17, respectively; an enclosure
wall 12 which includes the field effect transistor 18, the input/
output matching circuits 17, and a part of the input/output
strip-lines 15; and an upper surface package sealed part 16
placed on the enclosure wall 12 through an adhesive part 14.

In the semiconductor device according to the conventional
example, the semiconductor element itself did not have air-
tightness but the package which mounts a semiconductor
clement had air-tightness. Moreover, a high damp-proof
dielectric film was deposited on the gate electrode of the
semiconductor element.

Patent Document 1:

Japanese Patent Application Laying-Open Publication No.

HO02-288409
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Patent Document 2:

Japanese Patent Application Laying-Open Publication No.

2001-28425

Patent Document 3:

Japanese Patent Application Laying-Open Publication No.

2006-43847

Patent Document 4:

Japanese Patent Application Laying-Open Publication No.

2007-36829

The airtight package applied to the semiconductor device
of the conventional example 1s high-cost.

Moreover, the airtight package applied to the conventional
semiconductor device had to bond a terminal with the enclo-
sure wall in order to also give air-tightness to a terminal area,
therefore had great influence on the high frequency charac-
teristics of the terminal.

On the other hand, although there 1s also a method of
applying resin on the gate electrode 1 order to give air-
tightness to the semiconductor device itself, this method has
a problem of increasing gate capacitance and reducing gain of
the semiconductor device.

SUMMARY OF THE INVENTION

According to an aspect of the invention, a semiconductor
device comprises: a substrate; a gate electrode, a source elec-
trode, and a drain electrode which are placed on a first surface
of the substrate and have at least one or more fingers, respec-
tively; a gate terminal electrode, a source terminal electrode,
and a drain terminal electrode which are placed on the first
surface of the substrate, governed a plurality of fingers,
respectively and formed the fingers for every the gate elec-
trode, the source electrode, and the drain electrode; an active
area placed on an underneath part of the gate electrode, the
source electrode, and the drain electrode, on the substrate
between the gate electrode and the source electrodes, and on
the substrate between the gate electrode and the drain elec-
trode; a via hole connected to the source terminal electrode;
and a sealing layer which 1s placed on the active area, the gate
electrode, the source electrode, and the drain electrode
through a cavity part, and performs a hermetic seal of the
active area, the gate electrode, the source electrode, and the
drain electrode.

According to another aspect of the invention, a fabrication
method of a semiconductor device comprises: forming a
source electrode, a gate electrode, and a drain electrode on a
substrate; forming a sacrifice layer on the source electrode,
the gate electrode, and the drain electrode; depositing a seal-
ing layer on the sacrifice layer; forming an opening for
removing the sacrifice layer in a part of the sealing layer;
removing the sacrifice layer through the opening; and form-
ing a cap sealing layer for sealing the opening on the sealing
layer.

According to the present invention, the semiconductor
device which can have air-tightness in the semiconductor
clement 1tself and does not need to give air-tightness to a
package as a result, and the fabrication method of the semi-
conductor device can be provided.

The semiconductor device according to the embodiments
of the mvention has the characteristic at a point of giving
air-tightness to the semiconductor element 1tself. More spe-
cifically, the fabrication method of the semiconductor device
according to the embodiments of the mnvention has the char-
acteristic at a point of forming a cavity on the semiconductor
clement part on the semiconductor substrate, and therefore
grving air-tightness to the semiconductor element 1itself.
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According to the present invention, since the semiconduc-
tor element itself can have air-tightness and 1t 1s not necessary
to cover the gate electrode surface with the damp-proot pro-
tecting film, the value of the gate capacitance of the semicon-
ductor element 1s reduced, and as a result, the semiconductor
device whose high Irequency characteristics and gain
improve, and the fabrication method of the semiconductor
device can be provided.

According to the present invention, the semiconductor ele-
ment 1tsell can have air-tightness without increasing gate
capacitance, and therefore the semiconductor device which 1s
high-reliability in low cost, and the fabrication method of the
semiconductor device can be provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a configuration diagram of an overall schematic
plane pattern of a semiconductor device according to a con-
ventional example.

FIG. 2A shows a package configuration of the semicon-
ductor device according to the conventional example, and 1s a
schematic plane pattern configuration diagram.

FIG. 2B shows a package configuration of the semiconduc-
tor device according to the conventional example, and 1s a
schematic section structure chart taken in the line I-1 of FIG.
2A.

FIG. 2C shows a package configuration of the semiconduc-
tor device according to the conventional example, and 1s a
schematic section structure chart taken 1n the line II-11 of FIG.
2A.

FIG. 3 1s a configuration diagram of a schematic plane
pattern of a semiconductor device according to a first embodi-
ment of the present invention.

FIG. 4A shows a package configuration of the semicon-
ductor device according to the first embodiment of the present
invention, and 1s a schematic plane pattern configuration dia-
gram.

FIG. 4B shows a package configuration of the semiconduc-
tor device according to the first embodiment of the present
imnvention, and 1s a schematic section structure chart taken in
the line I-I of FIG. 4A.

FIG. 4C shows a package configuration of the semiconduc-
tor device according to the first embodiment of the present
invention, and 1s a schematic section structure chart taken in
the line II-1I of FIG. 4A.

FIG. 4D shows a package configuration of the semicon-
ductor device according to the first embodiment of the present
invention, and 1s a schematic bird’s-eye view of an enclosure
wall.

FIG. 5 1s an explanatory diagram of a drain electrode 22, a
gate electrode 24, a source electrode 26, and a line 111111, 1n
the configuration diagram of the schematic plane pattern of
the semiconductor device according to the first embodiment
of the present invention.

FIG. 6 1s a schematic section structure chart taken 1n the
line III-11I of FIG. 3.

FIG. 7 1s a schematic section structure chart taken 1n the
line III-11I of FIG. 5, in a semiconductor device according to
the modified example 1 of the first embodiment of the present
ivention.

FIG. 8 1s a schematic section structure chart taken in the
line III-11I of FIG. 5, in a semiconductor device according to
the modified example 2 of the first embodiment of the present
ivention.
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FIG. 9 1s a schematic section structure chart taken in the
line III-1II of FIG. 5, 1n a semiconductor device according to

the modified example 3 of the first embodiment of the present
invention.

FI1G. 10 1s an explanatory diagram of a drain electrode 22,
a gate bus line 44, a source bus line 46, and a line IV-1V, 1n the
configuration diagram of the schematic plane pattern of the
semiconductor device according to the first embodiment of
the present invention.

FIG. 11 1s a schematic section structure chart taken 1n the
line IV-IV of FIG. 10, 1n a semiconductor device according to
a comparative example of the present invention.

FIG. 12 1s a schematic section structure chart taken 1n the
line IV-IV of FIG. 10, 1n a semiconductor device according to
the first embodiment of the present invention.

FI1G. 13 15 an explanatory diagram of a drain electrode 22,
a gate bus line 44, a gate leader line 48, and a line V-V, 1n the
configuration diagram of the schematic plane pattern of the
semiconductor device according to the first embodiment of
the present invention.

FIG. 14 1s a schematic section structure chart taken 1n the
line V-V of FIG. 13, 1n a semiconductor device according to
the first embodiment of the present invention.

FIG. 15A shows a fabrication method of the semiconductor
device according to the first embodiment of the present inven-
tion, and 1s a process chart showing forming a first insulating
film 28 on a drain electrode 22, a gate electrode 24, and a
source electrode 26.

FI1G. 15B shows a fabrication method of the semiconductor
device according to the first embodiment of the present inven-
tion, and 1s a process chart showing forming a sacrifice layer
34 on a first insulating film 28.

FI1G. 15C shows a fabrication method of the semiconductor
device according to the first embodiment of the present inven-
tion, and 1s a process chart showing forming a sealing layer 30
on the sacrifice layer 34.

FI1G. 15D shows a fabrication method of the semiconductor
device according to the first embodiment of the present inven-
tion, and 1s a process chart showing performing window
opening to the sealing layer 30.

FI1G. 15E shows a fabrication method of the semiconductor
device according to the first embodiment of the present inven-
tion, and 1s a process chart showing removing the sacrifice
layer 34 by plasma etching to form a cavity part 36.

FIG. 15F shows a fabrication method of the semiconductor
device according to the first embodiment of the present inven-
tion, and 1s a process chart showing forming a cap sealing
layer 38 on the sealing layer 30 to seal the cavity part 36.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

(Ll

Various embodiments of the present invention will be
described with reference to the accompanying drawings. It 1s
to be noted that the same or similar reference numerals are
applied to the same or similar parts and elements throughout
the drawings, and the description of the same or similar parts
and elements will be omitted or simplified. Generally, and as
1s conventional in the representation of the circuit blocks, 1t
will be appreciated that the various drawings are not drawn to
scale from one figure to another nor inside a given figure, and
in particular that the circuit diagrams are arbitrarily drawn for
facilitating the reading of the drawings. In the following
descriptions, numerous specific details are set forth such as
specific signal values, etc. to provide a thorough understand-
ing of the present mvention. However, 1t will be obvious to
those skilled in the art that the present mvention may be
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6

practiced without such specific details. In other instances,
circuits well-known have been shown 1n block diagram form
in order to not obscure the present invention with unnecessary
detaul.

The embodiments shown below exemplify an apparatus
and a method that are used to implement the technical 1deas
according to the present invention, and do not limait the tech-
nical 1deas according to the present invention to those that
appear below. These technical 1deas, according to the present
invention, may recerve a variety of modifications that fall
within the claims.

First Embodiment
Device Structure

As shown in FIG. 3, a semiconductor device according to a
first embodiment of the present invention includes: a sub-
strate 10; a gate electrode 24, a source electrode 26, and a
drain electrode 22 which are placed on a first surface of the
substrate 10 and have at least one or more fingers, respec-
tively; gate terminal electrodes G1 to G4, source terminal
electrodes S1 to S4, and a drain terminal electrode D which
are placed on the first surface of the substrate 10, governs a
plurality of fingers, respectively and forms the fingers every
the gate electrode 24, the source electrode 26, and the drain
clectrode 22; an active area placed underneath parts of the
gate electrode 24, the source electrode 26, and the drain
clectrode 22, between the gate electrode 24 and the source
clectrodes 26 and between the gate electrode 24 and the drain
electrode 22 on the substrate 10; VIA holes SC1 to SCS
connected to the source terminal electrodes S1 to S5, respec-
tively; and a sealing layer 30 which 1s placed on the active
area, the gate electrode 24, the source electrode 26, and the
drain electrode 22 through a cavity part and performs the
hermetic seal of the active area, the gate electrode 24, the
source electrode 26, and the drain electrode 22.

In a configuration example of FIG. 3, as for the s1ze of each
part, for example, cell width W1 1s about 120 micrometers,
W2 1s about 80 micrometers, cell length W3 1s about 100
micrometers, W4 1s about 120 micrometers, and gate width 1s
about 2.4 mm (=100 micrometerx6x4 cells) as a whole.

A Si substrate, a GaAs substrate, a SiGe substrate, an InP
substrate, a S1C substrate, a (GaN substrate, a substrate on
which a GaN epitaxial layer 1s formed on a SiC substrate, a
substrate on which a hetero-junction epitaxial layer com-
posed ol GalN/GaAlN i1s formed on a S1C substrate, a sapphire
substrate, or a diamond substrate may be applicable to the
substrate 10.

As shown, for example 1n FIG. 4, a package configuration
of the semiconductor device according to the first embodi-
ment of the present invention includes: a substrate; a field
cifect transistor 18 placed on the substrate; output matching
circuits 17 placed at input/output sections of the field effect
transistor 18, respectively; mput/output strip-lines 15 con-
nected to the mput/output matching circuits 17, respectively;
an enclosure wall 12 which includes the field effect transistor
18, the input/output matching circuits 17, and a part of the
input/output strip-lines 15; and an upper surface package
sealed part 16 placed on the enclosure wall 12 through an
adhesive part 14.

In the semiconductor device according to the first embodi-
ment of the present ivention, as shown i FIG. 3, since
air-tightness 1s given to the semiconductor element 1itself by
the sealing layer 30 placed on the semiconductor element
through the cavity part, 1t 1s not necessary to give air-tightness
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to the package for mounting the semiconductor element. For
this reason, package cost can be reduced.

As schematically shown i FIG. 4C and FIG. 4D, the
enclosure wall 12 1s provided with suificient aperture width
(2xL -+L ), near the mput/output strip-lines 15, as shown by
mounting width L. of the input/output strip-lines 135, and
aperture width L . between the input/output strip-lines 15 and
the enclosure wall 12. As a size of aperture width (2xL +L ),
it 1s about 10 mm 1n the frequency of about 14 GHz.

As shown 1n FIG. 5 and FIG. 6, the semiconductor device
according to the first embodiment of the present invention
may include a first insulating film 28 on the gate electrode 24,
the source electrode 26, and the drain electrode 22, on the
substrate 10 between the gate electrode 24 and the drain
clectrode 22, and on the substrate 10 between the gate elec-
trode 24 and the source electrode 26. As the first insulating
film 28, a nitride film (S1,N_, film), a silicon dioxide film (510,
f1lm), a silicon oxy-nitride film (S10ON film), etc. are appli-
cable, for example.

When using a GaAs substrate or a GaN substrate as the
substrate 10, since dangling bonds are formed on the surface
of the substrate, there 1s an advantage that such the dangling
bonds can be 1nactivated by performing a termination with
nitrogen atoms of the S1, N film. Thickness in a case ot using
the S1,N, film as the first insulating film 28 1s, for example,
about 40 nm to about 200 nm.

These first mnsulating films 28 are formed with sufficient
adhesion on the gate electrode 24, on the substrate 10 between
the gate electrode 24 and the drain electrode 22, and on the
substrate 10 between the gate electrode 24 and the source
clectrode 26.

As shown 1n FIG. 10, 1n the semiconductor device accord-
ing to the first embodiment of the present invention, the
source terminal electrodes S1 to S5, the gate terminal elec-
trodes (31 to G4, and the drain terminal electrode D which are
extracted from the source electrode 26, the gate electrode 24,
and the drain electrode 22, respectively, which are placed 1n
the cavity part 36 by the sealing layer 30, are placed to
external of the sealing layer 30.

Or, 1n the semiconductor device according to the first
embodiment of the present invention, the gate terminal elec-
trodes (31 to G4 and the drain terminal electrode D, which are
extracted, respectively from the gate electrode 24 and the
drain electrode 22 which are placed in the cavity part 36 by the
sealing layer 30, may be placed to external of the sealing layer
30.That s, 1n the plane pattern configuration of FIG. 10, apart
ol source terminal electrodes S1 to S5 may be placed in the
cavity part 36 surrounded by the sealing layer 30. Further-
more, 1n the plane pattern configuration of F1G. 10, the whole
of the source terminal electrodes S1 to S5 may be placed 1n
the cavity part 36 surrounded by the sealing layer 30.

Only the gate terminal electrodes G1 to G4 and the drain
terminal electrode D are placed to external of the sealing layer
30 by such the plane pattern configuration.

As shown 1n FIG. 12, the semiconductor device according
to the first embodiment of the present invention, 1t may place
so that distance LA between the gate bus line 44 which 1s
placed adjoining the drain electrode 22 placed in the cavity
part 36 by the sealing layer 30, and an internal wall of the
sealing layer 30 placed on the source bus line 46 (54) may
have a predetermined size (1or example, about 20 microme-
ters).

In a cross-sectional configuration of a comparative
example shown 1n FIG. 11, since a junction area of the sealing
layer 30 and the substrate 10 1s small, a junction margin
between the sealing layer 30 and the substrate 10 1s small. On
the other hand, 1n the semiconductor device according to the
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first embodiment of the present invention, as shown 1n FIG.
12, since the sealing layer 30 1s placed on the source bus line
46 (S4), a margin can be reserved to accuracy of position of
the sealing layer 30. Moreover, since a large junction area of
the sealing layer 30 and the semiconductor element can be
reserved, air-tightness can be more improved.

In the semiconductor device according to the first embodi-
ment of the present invention, as shown in FIG. 13 and FIG.
14, a gate lead-out wiring 48 which connects the gate terminal
clectrodes G1 to G4 and the gate electrode 24 bonds, for
example, not less than about 20 micrometers with the sealing
layer 30.

In the semiconductor device according to the first embodi-
ment of the present invention, as shown 1n FIG. 13 and FIG.
14, the sealing layers 30 placed on the gate lead-out wiring 48
of the same layer as the gate bus line 44 which 1s placed
adjoining the drain electrode 22 placed 1n the cavity part 36 by
the sealing layer 30 1s bonded, for example, not less than
about 20 micrometers. In addition, 1n order to adhere the gate
lead-out wiring 48 and the sealing layer 30, an adhesive layer
50 formed, for example, from a T1 layer etc. may be disposed
between the gate lead-out wiring 48 and the sealing layer 30.

Modified Example 1 of the First Embodiment

As shown 1n FIG. 7, a semiconductor device related to a
modified example 1 of the first embodiment of the present
invention includes a first mnsulating film 28 on the source
electrode 26 and the drain electrode 22, on the substrate 10
between the gate electrode 24 and the drain electrode 22, and
on the substrate 10 between the gate electrode 24 and the
source electrode 26. As the first mnsulating film 28, for
example, a Si N film, a 510, film, a S1ION film, etc. are
applicable.

These fist insulating films 28 are formed with suificient
adhesion on the source electrode 26 and the drain electrode
22, on the substrate 10 between the gate electrode 24 and the
source electrode 26, and on the substrate 10 between the gate
clectrode 24 and the drain electrode 22.

In the semiconductor device according to the modified
example 1 of the first embodiment of the present invention,
since the first insulating film 28 1s not placed on the gate
clectrode 24 as shown 1n FIG. 7, the value of the gate capaci-
tance 1s relatively reduced compared with the value of the gate
capacitance of the semiconductor device according to the first
embodiment.

Modified Example 2 of the First Embodiment

As shown in FIG. 8, a semiconductor device according to a
modified example 2 of the first embodiment of the present
invention includes: a first insulating film 28 on the gate elec-
trode 24, the source electrode 26 and the drain electrode 22,
on the substrate 10 between the gate electrode 24 and the
drain electrode 22, and on the substrate 10 between the gate
electrode 24 and the source electrode 26; and a second 1nsu-
lating film 32 on the first insulating {ilm 28.

As the first msulating film 28, for example, a S1, N, film, a
S10, film, a S1ION film, etc. are applicable. As the second
insulating film 32, for example, a S10, film, a S1ON {ilm, etc.
are applicable.

Thickness 1n a case of using a nitride film as the first
insulating film 28 1s, for example, about 40 nm to about 200
nm. Moreover, thickness in a case ol using the S10, film as the
second sulating film 32 1s, for example, about 100 nm to
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about 400 nm. Or, thickness of S10, film used as the second
isulating film 32, for example, may be not less than about
400 nm.

These fist insulating films 28 and second insulating films
32 are formed with suificient adhesion on the gate electrode
24, the source electrode 26 and the drain electrode 22, on the
substrate 10 between the gate electrode 24 and the source
clectrode 26, and on the substrate 10 between the gate elec-

trode 24 and the drain electrode 22.

Modified Example 3 of the First Embodiment

As shown 1n FIG. 9, a semiconductor device related to a
modified example 3 of the first embodiment of the present
ivention includes: a first msulating film 28 on the source
electrode 26 and the drain electrode 22, on the substrate 10
between the gate electrode 24 and the drain electrode 22, and
on the substrate 10 between the gate electrode 24 and the
source electrode 26; and a second mnsulating film 32 on the
first insulating film 28.

As the first insulating film 28, tor example, a S1, N film, a
S10, film, a S1ION film, etc. are applicable. As the second
insulating film 32, for example, a S10, f1lm, a S1ON film, etc.
are applicable.

These fist insulating films 28 and the second insulating film
32 are formed with sutficient adhesion on the source electrode
26 and the drain electrode 22, on the substrate 10 between the
gate electrode 24 and the source electrode 26, and on the
substrate 10 between the gate electrode 24 and the drain
clectrode 22.

In the semiconductor device according to the modified
example 3 of the first embodiment of the present invention,
since the first insulating film 28 and the second insulating film
32 are not placed on the gate electrode 24 as shown in FIG. 9,
the value of the gate capacitance 1s reduced compared with
the value of the gate capacitance of the semiconductor device
according to the first embodiment and the semiconductor
device according to the modified example 2 of the first
embodiment.

(Fabrication Method)

As shown 1n FI1G. 15, a fabrication method of the semicon-
ductor device according to the first embodiment of the present
invention includes: forming the source electrode 26, the gate
electrode 24, and the drain electrode 22 on the substrate 10;
forming the sacrifice layer 34 covering the source electrode
26, the gate electrode 24, and the drain electrode 22; depos-
iting the sealing layer 30 covering the sacrifice layer 34;
forming an opening 1n a part of sealing layer 30 for removing
the sacrifice layer 34; removing the sacrifice layer 34 through
the opening; and forming a cap sealing layer 38 on the sealing
layer 30 for sealing the opening.

Moreover, the fabrication method of the semiconductor
device according to the first embodiment of the present imnven-
tion may include forming the first insulating film 28 on the
gate electrode 24, the source electrode 26, and the drain
clectrode 22, on the substrate 10 between the gate electrode
24 and the drain electrode 22, and on the substrate 10 between
the gate electrode 24 and the source electrode 26.

Moreover, the fabrication method of the semiconductor
device according to the first embodiment of the present inven-
tion may 1nclude forming the first msulating film 28 on the
source electrode 26 and the drain electrode 22, on the sub-
strate 10 between the gate electrode 24 and the drain electrode
22, and on the substrate 10 between the gate electrode 24 and
the source electrode 26.
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Moreover, the fabrication method of the semiconductor
device according to the first embodiment of the present inven-
tion may include forming the second imnsulating film 32 on the
first insulating film 28.

Moreover, the first insulating film 28 may be formed with
a nitride film.

Moreover, the second insulating film 32 may be formed
with a silicon dioxide film.

Hereinafter, with reference to FIG. 15, the fabrication
method of the semiconductor device according to the first
embodiment of the present invention will be explained 1n
detaul.

(a) First of all, as shown 1n FIG. 15A, form the first insulating
{1lm 28 after forming the drain electrode 22, the gate electrode
24, and the source electrode 26 on the substrate 10. For
example, T1/Al can be applied as the source electrode 26 and
the drain electrode 22, and, for example, N1/Al can be applied

as the gate electrode 24. Moreover, as the first insulating film
28, a S1. N film, a 510, film, a S1ION film, etc. are applicable,
as above-mentioned. The nitride film about 80 nm thick 1s
used for an example of FIG. 15A. Moreover, as the substrate
10, a S1 substrate, a GaAs substrate, a S1Ge substrate, an InP
substrate, a Si1C substrate, a GaN substrate, a substrate on
which a GaN epitaxial layer 1s formed on a SiC substrate, a
substrate on which a heterojunction epitaxial layer composed
of GaN/GaAIN 1s formed on a S1C substrate, a sapphire
substrate, or a diamond substrate may be applicable. In addi-
tion, although a desired active area of semiconductor element
1s formed on the substrate 10 by MOCVD (Metal Organic
Chemical Vapor Deposition), MBE (Molecular Beam Epit-
axy), etc., detailed description 1s omitted.
(b) Next, as shown 1n FIG. 15B, form the sacrifice layer 34 so
that the first insulating film 28 may be covered. As a material
for the sacrifice layer 34, photosensitive polyimide resin etc.
are applicable, for example. The value of the thickness of the
sacrifice layer 34 composed of the used photosensitive poly-
imide resin 1s about 5 to 10 micrometers.
(c) Next, as shown 1n FIG. 15C, form the sealing layer 30 so
that the sacrifice layer 34 may be covered. As a material of the
sealing layer 30, for example, epoxy system heat curing resin
whose thickness 1s about 1 micrometer or, a silicon dioxide
f1lm or a mitride film etc. whose thickness 1s about 1 microme-
ter 1s applicable.
(d) Next, as shown 1in FIG. 15D, form an opening whose width
1s about 35 to 20 micrometers 1n the sealing layer 30. The
placement of an opening, for example, may be at about 10
micrometers in width, and may be formed 1n a predetermined
pitch of about 30 micrometers or may completely be formed
at random.
(e) Next, as shown 1n FIG. 15E, remove the sacrifice layer 34
by etching through an oxygen plasma asher via the opening
formed by the above-mentioned process, and then form the
cavity part 36. In this process, in order to avoid damaging by
plasma etching, the second insulating film 32 composed of
s1licon dioxide film etc. may be formed on the first insulating
film 28 as shown 1n FIG. 8.
(1) Next, as shown 1n FIG. 15F, form the cap sealing layer 38
on the sealing layer 30 so as to be filled up with the opening,
and then seal the cavity part 36 with suificient air-tightness.
As a material of the cap sealing layer 38, organic polymer
resin, a S10, film, a S1 N, film, etc. are applicable.
According to the present invention, the semiconductor
device which can have air-tightness 1n the semiconductor
clement 1tself and does not need to give air-tightness to a
package as a result, and the fabrication method of the semi-
conductor device can be provided.
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According to the present invention, since the semiconduc-
tor element itself can have air-tightness and 1t 1s not necessary
to cover the gate electrode surface with the damp-proof pro-
tective film, the value of the gate capacitance of the semicon-
ductor element 1s reduced, and as a result, the semiconductor
device whose high Irequency characteristics and gain
improve, and the fabrication method of the semiconductor
device can be provided.

According to the present invention, the semiconductor ele-
ment itself can have air-tightness without increasing the value
of the gate capacitance, and therefore the semiconductor
device which 1s high-reliability 1n low cost, and the fabrica-
tion method of the semiconductor device can be provided

Other Embodiments

While the present invention 1s described 1n accordance
with the aftorementioned embodiments, 1t should not be
understood that the description and drawings that configure
part of this disclosure are to limit the present invention. This
disclosure makes clear a variety of alternative embodiments,
working examples, and operational techniques for those
skilled 1n the art.

In addition, i1t cannot be overemphasized that the amplify-
ing clements are applicable not only to FET but also other

amplifying elements, such as HEMT (High Flectron Mobility
Transistor), LDMOS FET (Lateral Doped Metal-Oxide-
Semiconductor Field Effect Transistor), and HBT (Hetero-
junction Bipolar Transistor).

Accordingly, the technical scope of the present invention 1s
defined by the claims that appear appropriate from the above
explanation, as well as by the spirit of the invention. Various
modifications will become possible for those skilled 1n the art
after receiving the teachings of the present disclosure without
departing from the scope thereof.
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INDUSTRIAL APPLICABILITY

According to the present invention, the semiconductor
device 1s applied for a semiconductor device having a wide
range ol application fields, such as an internally matched
power amplifier, a power MMIC (Monolithic Microwave
Integrated Circuit), a microwave power amplifier, and a mil-
limeter-wave power amplifier.

What 1s claimed 1s:

1. A fabrication method of a semiconductor device com-
prising:

forming a source electrode, a gate electrode, and a drain

electrode on a substrate;

forming a sacrifice layer on the source electrode, the gate

electrode, and the drain electrode;

depositing a sealing layer on the sacrifice layer;

forming an opening 1n a part of the sealing layer for remov-

ing the sacrifice layer;
removing the sacrifice layer through the opening;
forming a cap sealing layer for sealing the opening on the
sealing layer so that the sealing layer 1s placed above and
separated vertically from any one of the gate electrode,
the source electrode, and the drain electrode; and

forming a first insulating film on the source electrode and
the drain electrode except for on the gate electrode, on
the substrate between the gate electrode and the drain
clectrode, and on the substrate between the gate elec-
trode and the source electrode.

2. The fabrication method according to claim 1, further
comprising

forming a second insulating film on the first insulating film.

3. The fabrication method according to claim 1, wherein

the first insulating film 1s a nitride film.

4. The fabrication method according to claim 2 wherein

the second 1nsulating film 1s a silicon dioxide film.
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